Four experimental diets were formulated to contain different ratios of animal protein to plant protein of 1:12 (diet F1), 1:9 (diet F2), 1:6 (diet F3) and 1:2 (diet F4).Diets F1 and F2 contained crude protein level of 35% at gross energy of 17 kJ/g providing protein to energy ratios (P/E) of 21 23 mg CP/kJ while diets F3 and F4 contained crude protein of 40% at gross energy level of 19 kJ/g providing P/E of 23 mg CP/kJ. The diets were fed to quadruplicate groups of African catfish Clarias gariepinus fingerlings (5.37 ± 0.23 g) for 12 weeks. The group of fish receiving the experimental diet F4 attained the highest (P < 0.05) final weight (31.25 g), weight gain (480.41%), specific growth rate (2.09 %/day), carcass nitrogen deposition (8.86 mg/day), apparent nitrogen utilization (28.81 %) and energy conversion efficiency (19.60 %). These results were followed by the fish group fed diet F3. The lowest (P < 0.05) results were attained by fish groups fed diets F1 and F2. The best (P < 0.05) feed conversion ratios were recorded in the groups of fish fed diets F3 and F4 and the poorest values were observed in the groups fed diets F1 and F2. Survival rates ranged between 86.67 and 93.33% and no significant differences (P > 0.05) were observed between the experimental groups. The highest (P < 0.05) body protein, lipid and energy content attained by the fish fed diet F4. These findings suggest that a diet containing a proportion of 1 : 2 animal protein to plant protein at protein level of 40%, gross energy of 19 kJ/g diet, and a protein to energy ratio of 23 mg CP/kJ could allow a complete replacement of commercial fish meal with agricultural by-products in diets of African catfish without negatively affecting its growth performance, feed utilization or carcass composition.
Introduction
The shortage and rising cost of commercial fish meal, manufactured primarily from industrial fish such as menhaden, anchovy, sardines, mackerel and herring, have prompted the researchers to investigate the production of cost effective feed formulations for cultured fish species (Nyina-Wamwiza et al., 2010) .
For African catfish, Clarias gariepinus, some efforts have concentrated on partial or total replacement of commercial fish meal in its diets with alternative sources of cheaper ingredients of animal and plant origins (de Graaf and Janssen, 1996; Ogunji et al., 2008; Nyina-Wamwiza et al., 2010) . Among the potential animal protein sources is the large amount of tilapia processing by-products, amounting to approximately 64-69.5% of live fish harvested, which have become now available as an ingredient in commercial poultry feeds (Ponce and Gernat, 2002; Dale et al., 2004) . Poultry by-products meal, rendered from poultry processing plant offal, is the most common animal protein product used with success in fish feeds (Shapawi et al., 2008; Rawles et al., 2011) . Among the plant proteins, soybean meal is considered, among all plant proteins, the best protein source for aquaculture feeds due to its nutritional value and cost effectiveness (Nguyen, 2008) . Plant proteins at high percentage along with a small portion of animal protein were successfully used to replace the fish meal in the C. griepinus diets (NyinaWamwiza et al., 2010) . However, the plant proteins should be properly processed to rid or reduce the anti-nutritional factors usually present in plant materials such as trypsin inhibitor in soybean and tannins in sorghum (Kumar et al., 2012) and cyanogenic glycosides present in the tuberous roots of cassava (Abu et al., 2010) .
On the other hand dietary protein is considered the main constituent in fish diets required to support growth but proportionally it increases the feed cost (Ahmad, 2008) . African catfish has a relatively high protein requirements and the best growth rates and food conversions were achieved with diets containing 35-42% crude protein (Ogunji et al., 2008) . Dietary energy regulates metabolic activities and greatly affects the growth performance and feed utilization efficiency (Sweilum et al, 2005) . Improper dietary protein and energy levels and their ratios may lead to lower fish performance, increase accumulation of lipids and glycogen in the somatic tissues and liver, increase undesirable nitrogenous waste output and an increase in production cost (Yousif et al., 1996; Ahmad, 2008) . Excessive dietary protein level in relation to energy can actually reduce growth due to the metabolic demands of nitrogen excretion. Several studies have been conducted to determine the optimum dietary protein and energy levels and their ratios for African catfish, Clarias gariepinus (Uys and Hecht, 1985; Degani et al, 1989; Eding et al., 1993; Senger et al., 1993; Ali and Jauncey, 2005; Ahmad, 2008; Nyina-Wamwiza et al., 2010) .
The present study was therefore conducted to evaluate the effect of complete replacement of commercial fish meal with lower-cost protein sources originating from animal and plant byproducts at two different levels of dietary protein and energy on the performance of African catfish, Clarias gariepinus.
Materials and methods

Experimental diets
Four experimental diets, composed of animal and plant byproducts, were formulated to contain two crude protein (CP) levels (35 and 40% dry weight) at two gross energy (GE) levels (17 and 19 kJ/g). Tilapia byproduct meal, poultry byproduct meal and soybean meal were the major protein sources in the experimental diets (Table 1 ).
The percentages of animal byproduct, of the total feedstuffs incorporated in the experimental diets, were designed to be 8% in diets F1, 10% in diet F2, 14% in diet F3 and 34% in diet F4 yielding ratios of 1:12, 1:9, 1:6 and 1:2 g/kg dry weight animal protein : plant protein in diets F1, F2, F3 and F4, respectively ( 
Analytical methods
The growth performance and feed utilization efficiency of the fish were evaluated by determining the survival rate (%), weight gain (%), specific growth rate (SGR, %/day), feed conversion ratio (FCR), protein efficiency ratio (PER), condition factor (K), carcass nitrogen deposition (CND mg/day), apparent nitrogen utilization (ANU %) and energy conversion efficiency (ECE %) and were calculated as follows: 
Statistical analysis
The data are presented as means ± SD of four replicates. All performance and body composition means were compared using PASW, Release 18 (SPSS 1981; Yousif et al., 1996) . This may suggest that the quantitative protein requirement and the P/E ratio for the African catfish fry that support best growth and feed utilization are higher than the levels used in the present study. There are no significant differences Many studies have indicated that heat treatment have caused deficiency and imbalance in the protein quality of plant proteins (Viola et al., 1983; Bressani et al., 1987; Ogunji et al., 2008) . 2002; Sink et al., 2010) and that feed devoid of commercial fish meal depressed weight gain of fish (Lovell,1992) . On the contrary, Robinson and Li (1994) proved that soybean meal or a combination of soybean meal, cottonseed meal and supplemental lysine could be used to replace commercial fish meal in feeds for grow-out of channel catfish without detrimental effects (Robinson and Li, 1993, 1994) .
Furthermore, Sink et al. (2010) In conclusion, the findings of the present study indicate that the level of inclusion of agricultural byproducts is dependent on the levels of crude protein, gross energy in the diet and on the protein to energy ratio. This study suggests that if the proportions of animal protein and plant protein are maintained
